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1.0 INTRODUCTION

These test procedures describe laboratory studies proposed to investi-
gate ex situ methods to remove chromate, nitrate, and uranium from
contaminated Hanford Site groundwaters. Uranium is the major species
contributing to the elevated alpha levels. By removing the uranium, the alpha
levels will be significantly reduced at the uranium concentration found in the
100-HR-3 Groundwater Operable Unit. Also, if uranium is removed, the beta-
emitting daughters (thorium and protactinium) are also quickly removed, as
they have half-lives of 24 days and 6 hours, respectively. Furthermore, all
subsequent daughters will be prevented. It is important to note that
technetium is not addressed because it has a drinking water limit
(5,000 pCi/L) higher than the levels found in most 100-HR-3 wells. Also,
because technetium exists as pertechnetate, there is a high probability that
it will be removed in a serendipitous manner. The technologies to be
investigated, chemical precipitation or coprecipitation to remove chromate and
uranium and anion exchange to remove chromate, uranium and nitrate, are
identified in the 100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992a).
Precipitation is not expected to remove nitrate from solution.

Precipitation-based removal of chromate (as well as associated metals
^ such as zinc, nickel, cadmium, and copper) from plating bath wastes has been

tested and implemented (Beller et al. 1989). The process utilizes sodium
sulfide and ferrous sulfate to first reduce chromate to chromate(III) and then
to coprecipitate the reduced chromate with the resulting ferric hydroxide/
ferric sulfide. The successful results of the implementation of this approach
corroborate Westinghouse Hanford Company (WHC) laboratory studies in which
sodium sulfide and ferrous sulfate were used separately in the reduction and
precipitation from solution of chromate (Thornton et al. 1991). The method
proposed by Beller et al. (1989) will be tested for removal of chromate from
Hanford Site groundwater. The possible reduction/precipitation and retention
of uranium by this technique also may occur and will be tested. Removal of
uranium from Hanford Site groundwaters and wastewaters by ferric hydroxide

^^1 coprecipitation has been tested with promising results (Hodgson 1988).

Carrier precipitation of uranium by calcium hydrogen phosphate
(brushite) has been implemented in treating uranium fuel fabrication plant
waste solutions (Muller 1984). Thus, simple addition of disodium hydrogen
phosphate to precipitate brushite from the contained calcium ion naturally
present in the Hanford Site groundwater will be tested for its efficacy in
removing uranium. Experiments may show, however, that additional calcium ion,
introduced as calcium chloride solution to the groundwater, is required to
provide sufficient precipitate to carry uranium. The incidental removal of
chromate from solution by coprecipitation with brushite also will be checked.

The precipitation method(s) for chromate and uranium removal from the
groundwater may be used in conjunction with-a biodenitrification method for
nitrate removal. Thus, an important subsequent objective shall be the
successful integration of the proposed precipitation and biodenitrification
steps.

Strong-base anion exchange has been used in separate approaches to
remove chroamte from corrosion inhibition solutions used in water-cooled heat
exchange equipment and to remove nitrate from nitrate-polluted waters
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(Kirk-Othmer 1981a). Strong-base anion exchange also has been used
successfully in uranium milling operations (Benedict et al. 1981) as well as
to remove uranium from contaminated Hanford Site groundwaters (Delegard et al.
1986).

In the proposed tests, three strong-base anion exchange resins will be
tested for their efficiency and capacity in removing the three contaminants
(chromate, uranium, and nitrate) from Hanford Site groundwater. Based on
these tests, one, or possibly two, of the resins will be evaluated further for
breakthrough capacity and regeneration characteristics. The three resins were
selected for these applications on the recommendations of the resin
manufacturers, Rohm and Haas Company and Dow Chemical Company.

2.0 SCOPE AND OBJECTIVES

These test procedures identify all tests to be performed and the
associated testing parameters, schedules, and data collection requirements.
Included are the experimental designs and general procedures to be used in
preparing the solutions and assembling the test apparatus and the types of
data to be recorded during the tests. Also identified are the organizations
responsible for the several tasks involved in this work and the locations
where the laboratory work will be performed. The objectives of the treatment
tests are summarized in Table 1 and in the treatibility test plan
(DOE-RL 1992a).

a,

Table 1. Test Objectives.

Reduction/precipitation Determine physical conditions and
removal chemistry, and associated
sludge generation quantities;
determine reaction rates; determine
effects of feed variability and
presence of other contaminants;
determine sludge characteristics,
stabilization, and filtration
qualities; determine if biodenitri-
fication hinders precipitation or
reduction reactions; determine
co-removal of uranium

Ion exchange Determine pretreatment requirements;
determine resin(s) efficacy;
determine falloff in loading after
multiple cycles; determine resin
regeneration requirements, and waste
volumes and compositions
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3.0 REQUIREMENTS

The safety, quality assurance (QA), reporting, and equipment
requirements, as well as the project schedule, are provided in the following
sections.

3.1 SAFETY REQUIREMENTS

Laboratory personnel will comply with the WHC Chemical Hygiene Program
(WHC 1992) and other internal WHC industrial safety requirements. Special
safety requirements identified in this test plan are associated with the use
of solutions, solids, and labware containing solutions of chromate and
uranium. Handling of these materials will be conducted in fume hoods to
eliminate inhalation hazards. The operator will wear rubber gloves as
protection against absorption pathways through the skin.

Material Safety Data Sheets (MSDS) shall be used as a primary reference
"-^ during the handling of the chemical materials used in the tests. The MSDS

numbers for the chemical materials identified in the testing activities are
listed below.

Chemical MSDS No.

Sodium chromate 1486n.,
Uranyl nitrate 2783

Sodium nitrate 1506

Ferrous sulfate 2871

Sodium sulfide 1512

_ Disodium hydrogen phosphate 1886

Sodium chloride 1485

Sodium bicarbonate 1480

^ Calcium chloride 1087

Silver nitrate 1472

Resin MSDS No.

IRA-402®., Rohm and Haas 13688

IRA-410Rohm and Haas 13538

Dowex 21KO'* Dow 10847,

'A trademark of the Rohm and Haas Company.

A trademark of Dow Chemical Company.

3
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3.2 QUALITY ASSURANCE/QUALITY CONTROL AND DATA
RECORDING REQUIREMENTS

The activities undertaken in this test procedure shall be performed in
accordance with the quality assurance program plan for the processing and
analytical laboratories (WHC 1993). The quality assurance program plan is
written to ensure compliance with the U.S. Department of Energy (DOE),
Richland Operations Office (RL) requirements for environmental restoration
work (DOE-RL 1992b).

All data collected during the course of these testing activities shall
be recorded on approved data sheets or in controlled laboratory notebooks
issued through WHC Document Control. Data sheets shall be affixed into the
laboratory notebooks. These records shall be reviewed and approved by super-
visory personnel within the performing organizations in a timely manner and
shall be organized and stored under controlled conditions maintained by the
performing organizations. These records shall include identification of all
key measuring devices and associated calibration records. Chain-of-custody
records for samples and analytical records associated with samples also shall
be maintained and stored in a controlled manner. Data and sample control
activities shall be performed in accordance with QA requirements of the
performing organizations and in a manner appropriate for an Impact Level 3Q
developmental effort (i.e., in a manner consistent with standard laboratory
practices with QA review). These records shall be available for review by
representatives of the WHC Environmental Engineering Group.

r..
Analyses of the chromium- , uranium- , and nitrate-containing solutions

utilized in this work shall be obtained through WHC analytical laboratories to
verify the concentrations of chromium, uranium, and nitrate being used and to
check the stability of the solutions. A sample of the Hanford groundwater
used in these experiments shall also be analyzed for all cations by
inductively coupled plasma spectrometry (ICP) and for anions by ion
chromatography (IC), total organic carbon (TOC), and total inorganic carbon

^ (TIC), which is carbonate, uranium, chromate, and pH. NOTE: The schedule for
testing and the availability of the laboratory for analyses (predicated on
existing schedules) may require tests to be performed at the laboratory that
has the capacity. All QA/QC for any analyses will be identical for each
laboratory at which the analyses are performed.

The reference numbers for the procedures used for chemical analyses are
presented in Table 2. As these analyses may be performed at either the 222-S
or PUREX laboratories, method numbers for both laboratories are given where
appropriate. The methods listed in Table 2 will also give values for calcium,
magnesium, carbonate, hardness, dissolved solids, and those tests conducive to
standard water analyses.
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Table 2. Chemical Analyses.

C1

!°"

^

h^

Analyte(s) Method Title
Mlnlmlm

Detection
Perfor

l^'nce
Limita leve

Cations LA-505-151 ICP Emission Spectrometer Method for 50 ppb 100 ppb Cr(VI)
(ICP) Trace Element Analysis of water and

waste

Totat LA-505-151 ICP Emission Spectrometer Method for 50 ppb 100 ppb Cr(VI)
chromium LA-505-241 Trace Element Analysis of water and

waste

Chromium LA-265-101 Spectrophotometric determination of 25 ppb 80 ppb Cr(VI)
(VI) Cr(V1)

Anion (IC) LA-533-105 Anion analysis on Dionex Model 4000ic 10,000 ppb 45,000 ppb
LA-533-201 nitrate

Nitrate LA-533-105 Anion analysis on Dionex Model 4000ic 10,000 ppb 45,000 ppb
LA-533-201 nitrate

L)ranium LA-925-106 Determination of uranium by Laser 1 ppb 15 pCi/L gross
fluorimetry uranium alpha =d22 ppb

uranium

Totat LA-344-105 Determination of carbon in solutions N/A N/A
organic by combustion and coulometry
carbon

Total LA-622-102 Determination of carbonate/carbon or N/A N/A
inorganic total organic carbon in solutions by
carbon coulometry

Totat alpha LA-508-101 Atpha and beta in liquid sample 5 pCi/L 15 pCi/L gross
and total gross alpha, alpha
beta +/-50%; 40 pCi/L gross

10 pCi/L beta
gross beta,
+/-50%

pH LA-212-102 Determination of pH direct measurement N/A N/A

IC = ion chromatography.
ICP = inductively coupled plasma spectrometry.

• N(aA = not applicable.
The precision and accuracy goals for all analyses will be 25% relative percent difference

and 75% to 125% recovery, respectively. Representativeness is addressed by using solutions that have
concentrations that are similar to either regulatory performance Levels or contamination levels found
in 100 Area groundwaters. ComparabiLity of the data generated will be discussed, where appropriate,
in the fnal report.

^alues from DOE (1992a).
Q.. trademark of the Dionex Corporation.

ased on natural uranium.

3.3 REPORTING REQUIREMENTS

Original or high-quality copies of all records generated during the
testing activities shall be assembled as a project data file by the performing
organization, the WHC Process Chemistry Laboratory (PCL). These data packages
shall be transmitted to the WHC Environmental Engineering Group and shall be
accompanied by letter reports describing the work performed. The results and
conclusions obtained from the activities described in this test procedure
shall be compiled and documented in a project report coauthored by representa-
tives of the WHC Environmental Engineering Group and PCL. This report shall
be completed and delivered to WHC management by September 2, 1993.
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3.4 SCHEDULE

The schedule for these tasks has been defined in the treatability test
plan (DOE-RL 1992a). The points in the schedule pertaining to the laboratory
activities defined in this test procedure are summarized in Appendix A.

3.5 EQUIPMENT

Ordinary laboratory equipment will be used, which includes but is not
limited to centrifuges, stirrers, ion exchange columns, pumps, centrifuge
tubes, and pipetters.

4.0 PROCEDURE OVERVIEW

4.1 TREATMENT PARAMETER SELECTIONS

The goal of the tests described in this test procedure is to determine
the efficacy of precipitation-based techniques in the removal of chromium and
uranium and the efficacy of anion exchange in the removal of chromium,
uranium, and nitrate from Hanford Site groundwater. Steps involved in these
activities include the following.

Precipitation Tests

1. Collect uncontaminated Hanford Site groundwater and analyze
for the analytes listed in Table 2 (except gross alpha and
gross beta)

2. Spike chromate, uranium, and nitrate into the uncontaminated
-- groundwater, and mix thoroughly, in varying concentrations

according to the statistical plan (Section 4.2)

^ 3. Aliquot spiked groundwater and introduce precipitation
agents, noting temperature

4. Mix treated groundwater samples thoroughly

5. Collect, filter, and analyze groundwater samples for
chromate, total chromium, nitrate, and uranium, and analyze
filter cake for volume and percent water

6. Integrate and interpret results and select most effective
precipitation agent

7. Treat fully spiked groundwater with selected precipitation
agent; collect, filter, and analyze groundwater samples for
chromate, total chromium, nitrate, and uranium as a function
of time; and analyze filter cake for volume and percent
water

8. Integrate and interpret results.

6
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Anion Exchange Tests

1. Collect uncontaminated Hanford Site groundwater and analyze
for the analytes listed in Table 2 (except for gross alpha
and gross beta)

2. Spike chromate, uranium, and nitrate into the uncontaminated
groundwater in varying concentrations, and mix thoroughly
according to the statistical plan

3. Condition resins to chloride form using sodium chloride
solution

4. Aliquot spiked groundwater and introduce conditioned resins

5. Agitate groundwater/resin samples thoroughly for 30 min

6. Centrifuge groundwater/resin mixture, collect supernatant
solution, and analyze groundwater samples for chromate,
total chromium, uranium, and nitrate

7. Integrate and interpret results and select most effective
resin

8. Perform breakthrough test on selected resin by pumping
fully spiked groundwater through a resin column and

t^. collecting, filtering, and analyzing effluent groundwater
samples as a function of throughput volume

9. Perform load/elute cycling tests of selected resin to
monitor resin stability

,1.
10. Integrate and interpret results.

4.2 CONFIRMATORY TESTING

01 Following the precipitation and anion exchange tests previously
described, confirmatory tests will be run using contaminated groundwaters
obtained from wells 199-D5-15 (highchromium and low nitrate and
radionuclides), 199-H4-4 (high nitrate and radionuclides but low chromium),
199-H4-12 (low nitrate, chromium, and radionuclide contamination), and
199-H4-12A (high in nitrate, gross alpha and beta, low in chrome). These
waters have been specified for testing (DOE-RL 1992a) and will be examined
using the following:

• Selected precipitating agents

• Anion exchange resins

• Treatment conditions delineated in the following sections.

7
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The confirmatory testing will also include the following:

• The use of groundwater after the biodenitrification tests and/or
by the kinetics (precipitation or breakthrough ion exchange) tests

• Sulfate analysis

• Gross alpha and gross beta analyses (these require large volumes
that are only available during the confirmatory testing)

• pH before and after treatment regimes

• Gravity settling test (for flocculation basin parameters).

4.3 RESPONSIBILITIES

The WHC Environmental Engineering Group shall be responsible for project
management activities and for step 1 in both precipitation and anion exchange
tests. The WHC Environmental Engineering Group shall also be jointly
responsible with the WHC PCL in the integration and interpretation of results
(steps 6 and 8 in the precipitation tests and steps 7 and 10 in the anion

- exchange tests). Personnel in the WHC PCL shall perform the experimentation
and shall submit the samples to the WHC analytical laboratories for analysis.

Personnel safety must be considered in handling the moderately hazardous
materials involved in these tests. Protective rubber gloves shall be worn
whenever working with chromium- or uranium-bearing materials or equipment.
Any experimentation involving chromium or uraniuni must be conducted in a hood.
All laboratory tests will be conducted at the 222-S laboratory. Analytical
work will be conducted at 222-S/202-A (PUREX) laboratories.:u.

4.4 PREPARATION OF SPIKED HANFORD SITE GROUNDWATER
•,n

Artificially contaminated Hanford Site groundwater shall be prepared by
o^ spiking uncontaminated Hanford Site groundwater with solutions containing

sodium chromate, uranyl nitrate, and sodium nitrate. The well identified for
this is H3-2C because it lacked contamination (therefore, known spikes are
able to be added) and the well resides in the 100-H Area. The concentrations
of spike contaminant in the test groundwaters are given in Table 3.

The spiked groundwaters will be used in both the precipitation and anion
exchange tests. For both sets of tests, two-level, full-factorial experimen-
tal designs will be performed in which chromate, uranium, and nitrate
concentrations are the test factors run at high and low values. Thus, 2 x 2 x
2 = 8 different solution compositions will be prepared and used as separate
samples (i.e., no compositing).

The high spike level is set to include all credible levels of uranium
and to provide a separation of contamination levels, thus allowing effects to
be determined more clearly.

8
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Table 3. Concentrations of Spike Contaminants in the Test Solutions.

Sol tio be
Concentration (ppb)

u n num r
Chromate Uranium Nitrate

1 2,000 800 200,000

2 2,000 800 2,000

3 2,000 40 200,000

4 2,000 40 2,000

5 50 800 200,000

6 50 800 2,000

7 50 40 200,000

8 50 40 2,000

`T

r^.

The lowest concentrations of chromium and uranium in these spiked
- groundwater solutions are values near the maximum contaminant level (MCL) for

those species. The lowest value for nitrate was chosen to reflect a trace
value for nitrate. The MCL for nitrate in drinking water is 45,000 ppb. This
concentration is equivalent to about 0.73 mmol/L and is comparable with the
concentrations of the anionic species naturally occurring in the Hanford Site
groundwater: bicarbonate (2 mmol/L), chloride (0.1 mmol/L), and sulfate
(0.1 mmol/L). Therefore, nitrate at the 45,000-ppb MCL level cannot be

^ considered a chemically trace constituent in the groundwater, whereas chromate
and uranium at their respective MCL levels can.

- To assess accurately the effects of nitrate on chromate and uranium
treatment tests as well as not overwhelm the groundwater chemistry, the lower
level of nitrate was selected to be, at 2,000 ppb, substantially lower than
the MCL. The reason for selecting such a low concentration of nitrate is to

o' determine its effect on the removal.of other ions--2,000 ppb is for
consistency. The upper level of 800 ppb of uranium will add approximately
400 ppb nitrate as it is added as uranyl nitrate. The selected upper
concentration, 200,000 ppb, is representative of many contaminated Hanford
Site groundwaters.

It is noted that incidental nitrate will be admitted by using uranyl
nitrate as the uranium spike. The quantity of sodium nitrate added to the
test solutions will be adjusted appropriately to compensate for the
concentrations of nitrate introduced in this way.

4.5 PRECIPITATION TESTS

The precipitation tests will be undertaken using two candidate
precipitating agents: a combined ferrous sulfate and sodium sulfide treatment
and a disodium hydrogen phosphate treatment. The initial tests will be
conducted in duplicate (two for each solution/precipitation agent combination)
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on the test solutions described in Table 3 and in centrifuge vials at about 10
to 20 mL solution volume per vial. The reason for the small sample volumes is
due to the fact that laboratory-scale testing of radioactive substances is
limited by the amount of hood space available. Larger sample volumes would
require much greater hood space than is currently available. Following
introduction of the precipitating agent, a 30-min contact time is suggested
during which glass-covered stirbar agitation will be used. After the 30-min
contact, the suspensions will be centrifuged in the centrifuge vials and the
volume and percent water of settled solids noted. A sample of the supernatant
solution will be drawn via syringe and filtration accomplished using syringe
filters. These filters are made of cellulose or cellulose acetate and have
nominal 0.45 µm pore size. Tests to determine filter adsorption of
contaminants will be performed to demonstrate that the precipitating agents
and not the filter are responsible for the reduction of the contamination.

The filtrates will be analyzed spectrophotometrically for chromate
concentration using the diphenylcarbazide reagent. The concentrations of
total chromium will be determined by ICP spectrometry and uranium concentra-
tion determined by laser fluorimetry, while nitrate concentrations will be
determined by IC. These determinations will be performed by WHC analytical
laboratory personnel.

Precipitation kinetics tests will be conducted in a similar experimental
manner. In the kinetics test, solution number 1(Table 3) will be treated
with the selected precipitating agent(s) and stirbar agitation commenced.
Aliquots will be drawn and filtered periodically at contact times as low as
1 min and as long as 24 h. Chemical analyses shall be conducted as described

^ for the initial tests. Reduction of chromate by the ferrous sulfate and
sodium sulfide treatment is expected to be rapid. The immediate
spectrophotometric analysis for chromate therefore is imperative.

Duplicate precipitation kinetic tests will also be performed with the
^ selected precipitation agent(s) on contaminated groundwater pretreated by a

biodenitrification procedure. The tests will be identical to those conducted
^^a on solution number 1.

Q` As to the parameter of temperature, this will not be a controlled
parameter. The temperature of the solutions will be recorded as the tests
proceed. According to previous work, chromium precipitation is not
significantly effected by temperature (Wikoff et al. 1988).

4.5.1 Ferrous Sulfate - Sodium Sulfide

The ferrous sulfate and sodium sulfide treatment is an evolution of a
standard method used earlier for treating chromate-contaminated waters. The
standard approach employs sulfuric acid acidification and ferrous sulfate
reduction followed by lime neutralization and precipitation. This approach is
reviewed by Wikoff et al. (1988).

Based on the experience of Beller et al. (1989) and the related work
reported by Wikoff et al. (1988), the stepwise introduction of sodium sulfide
solution at about 12 mg of sulfide per liter followed by ferrous sulfate at
about 10 mg of ferrous iron will be performed for Hanford Site groundwaters.
This choice of reagent concentration follows Wikoff et al. (1988) studies of

10
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streams, which most closely resemble the Hanford Site groundwaters. According
to these studies, the ferrous and sulfide ions act both as reductants of
chromium(VI) as Cr0 Z and as coprecipitants, with the ferric iron, of the
resulting chromium(^II) ion. The reversible reaction

Fez+ - Fe3` + e (1)

also is thought to act as an electron shuttle (catalyst) between the chromate
being reduced and the sulfide being oxidized.

The studies of Beller et al. (1989) and Wikoff et al. (1988) were
undertaken with an eye towards application to an existing facility that relied
on removal of the metal precipitates by gravity settling. Thus, addition of
an anionic flocculent was studied, and ultimately was implemented, as a means
to coagulate the extremely fine and slowly settling sulfide and hydroxide
precipitates. For the wastewater compositions studied by Wikoff et al. (1988)
closest to the compositions of the Hanford groundwaters, Betz 11200 (a
trademark of Betz Industrial) was found to be the most effective, of the 20 or
so flocculating agents tested, in coagulating the product floc.

Crossflow membrane filtration, however, has been successfully demon-
- strated in the removal of ferric hydroxide precipitants, without surfactants

or flocculating agents, from Hanford Site groundwater and low-level wastewater
streams (Hodgson 1988). In the design of an ex situ groundwater treatment
process, an active solids-removal step such as crossflow filtration is
required to achieve a high assurance of contaminant removal under operating
conditions. For this reason, surfactant addition will not be investigated in
the experimental program outlined here unless tests show adequate filtration

^ performance is not achievable with the simple ferrous sulfate-sodium sulfide
treatment. In that case, further investigations may be conducted to select a
suitable flocculating agent.

*7 4.5.2 Disodium Hydrogen Phosphate

o% The disodium hydrogen phosphate treatment has been used in the removal
of uranium from process waste solutions from a fuel element fabrication plant
in Germany (Muller 1984). The uranium concentrations evaluated in that study
ranged from zero to 0.18 g of uranium per liter (for ammonium uranyl carbonate
filtrate). The goal of the German treatment tests was to reduce the uranium
activity to <370 Bq/L (equivalent to 104 pCi/L or 0.028 g/L). Treated
ammonium uranyl carbonate filtrates were reduced to as low as 900 µg of
uranium per liter.

The goal of the present tests is to reduce the uranium concentration to
<15 pCi/L (approximately 22 µg of uranium per liter). Laboratory studies of
uranium removal from Hanford groundwater using brushite coprecipitation showed
concentrations as low as 100 µg of uranium per liter could be obtained, while
phosphate treatment of dilute acidic uranium-bearing wastewaters contacting
Hanford sediment yielded uranium solution concentrations <1 µg of uranium per
liter (Appendixes B and C).

Scouting tests will be conducted in which test solution number 1
described in Table 3 will be treated with a volume of disodium hydrogen

11
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phosphate solution equivalent in molar quantity to the calcium available in
the groundwater aliquot. Supplemental addition of calcium chloride solution,
with equivalent additional disodium hydrogen phosphate solution, may be
necessary to achieve satisfactory uranium and chromium decontamination.
Therefore, scouting tests using solution number 1 will be conducted to
determine what level of supplemental calcium chloride and disodium hydrogen
phosphate addition, if any, is required. Following the scouting tests, and if
the test results are judged to be promising, the statistically designed
initial tests and the kinetics tests will be conducted.

4.6 ANION EXCHANGE TESTS

Strong-base anion exchange removal of the targeted groundwater
contaminants (nitrate, chromium, and uranium) has been demonstrated, although
not simultaneously. The technical literature regarding removal of uranium
from carbonate solutions used in the dissolution of uranium values from
in-place ores [in situ leaching, Bibler (1989)], excavated ores [ex situ
leaching, Benedict et al. (1981) and Kirk-Othmer (1981b)], as well as in the
remediation of groundwaters [Delegard et al. (1986) and Lee and Bondietti
(1983)] is particularly prominent. The high affinity of the uranium species
present in the Hanford groundwaters, the uranyl carbonates (as carbonato
complexes), for strong-base anion exchange resins is the key to the potential
success of this approach.

Less well documented is the use of strong-base anion exchange in the
removal of chromate and nitrate from contaminated waters. Treatment of
municipal-supply contaminated well-water via anion exchange has been
implemented to reduce nitrate concentrations to <23 mg of nitrate per liter
(Sheinker and Codoluto 1977). The goal in the present treatment tests is
45 mg of nitrate per liter. The removal of chromium from corrosion inhibitor
solutions used to condition water-cooled heat exchanger equipment has been
implemented. Again, strong-base anion exchange has been the method of choice
(Kirk-Othmer 1981a).

Q' 4.6.1 Experimental Approach

Based on conversations with technical representatives of the resin
manufacturers (Rohm and Haas Company and Dow Chemical Company) concerning the
particular application addressed in this test plan, three resins were selected
for investigationTwo resins were recommended by Rohm and Haas (1990);
Amberlite IRA-4020 and IRA-410*. Both of these resins are conventional
spherically shaped gel-type resins. Dow Chemical Company recommended
Dowex 21K®, also a gel-type resin.

The other principal physical form is the macroporous or macroreticular
resins. The macroreticular resins have numerous pores throughout the resin
particle effectively reducing the length of the solute diffusion path and thus
increasing sorption/desorption rates compared to the conventional gel resins.
Although not as physically rugged or kinetically fast as macroreticular
resins, gel resins have higher exchange capacity.and are less expensive.

All three resins selected for study are styrene-divinylbenzene copolymer
matrices with quaternary ammonium functional (exchange) groups. The Amberlite

12
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IRA-402® and Dowex 21K® are Type I resins with benzyl-trimethylamine function-
alities; the Amberlite IRA-410* is a Type II resin with benzyl-dimethylethan-
olamine functionality. The Type II anion resin has slightly lower basicity
than the Type I resin and requires less regenerant.

Before use, the test resins must be conditioned with an appropriate
regenerant salt. In ion exchange, the ion(s) to be removed from solution will
be exchanged for ions loaded on the resin. The exchange equilibrium is shown
in the following reaction:

Rz+X' + C' - Rz+C_ + X. (2)

where Rz' is the resin polymer, X. is the anion of the regenerant salt, and C.
is the contaminant anion. The anion of the regenerant salt must be environ-
mentally acceptable for discharge to the groundwater (preferably already
present as a noncontaminant in the groundwater) and be chemically compatible
with the influent groundwater so that unwanted precipitation reactions do not
occur in the column and cause hydraulic plugging. The salt itself must have
high solubility to be an effective eluting agent for the contaminant-loaded
column.

Sodium chloride and sodium carbonate are recommended (Dow 1988) for the
regeneration of anion exchange columns used in uranium recovery operations.
For application to the present studies, sodium chloride fulfills the criteria
of being environmentally benign, present naturally in the Hanford groundwater,
and having high solubility for use as an eluant. The chloride ion will not
react with species in the Hanford groundwater to cause an unwanted
precipitation reaction in the column. Free carbonate (from the sodium
carbonate), however, may precipitate calcium carbonate in the column.
Therefore, resin conditioning and regeneration by use of 4M sodium chloride
solution will be used in these tests.

Three sets of experiments are planned to evaluate the performance of the
three resins for removal. The three sets of expe.riments are batch contact
tests, breakthrough capacity column tests, and load/elute cycling tests.

The effluent solutions will be analyzed spectrophotometrically for
chromate concentration using the diphenylcarbazide reagent. The
concentrations of total chromium will be determined by ICP spectrometry. The
nitrate concentration will be determined by IC. The uranium concentration
will be determined by laser fluorimetry. These determinations will be
performed by WHC analytical laboratory personnel.

After the best resin is selected, confirmatory tests (using the
breakthrough column method) will be conducted on actual contaminated (both
biodenitrification treated and untreated) Hanford Site groundwater.

4.6.2 Batch Contact Tests

Batch resin/solution contact tests will be run for each test solution
described in Table 3 with each of the three candidate resins. Two experiments
at 5 and 25 mL/g solution/wet conditioned resin ratio will be run for each

13
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test solution/resin combination. The selection of 5 and 25 mL/g are chosen so
that two points will be sufficiently separated on a log-log plot (Freundlich
plots) and will therefore generate the required line to calculate percent
breakthrough. Contact times will be 30 min. Following contact, the mixtures
will be centrifuged and the solutions analyzed for chromium, total chromium,
nitrate, and uranium.

Solute adsorption onto ion exchange resins generally follows the
Freundlich adsorption isotherm:

y = kC" (3)

where y is the quantity of solute adsorbed per mass of resin, C is the con-
centration of solute remaining in solution, and k and n are constants. The
quantity of the solute species on the resin is determined by difference
between the quantities of solute found in the solution before and after resin
contact. By taking logarithms of equation (3), the following equation is
obtained:

log(y) = log(k) + n log(C) (4)

Therefore, plotting of log(y) on the y-axis versus log(C) on the x-axis will
yield a straight line of slope n and a y-intercept of log(k). More
importantly, by using this relationship, the resin loading at 100%
breakthrough (where effluent concentration equals influent concentration) can
be predicted and the capacity of the resin, in terms of throughput column
volumes, calculated.

--,
The experimental design allows four Freundlich plots to be made for each

contaminant of interest. The four plots correspond to the four different
concentration combinations of the remaining two contaminants. The solution
number combinations for the four Freundlich plots for each contaminant are
shown in Table 4. Because two different solution-to-resin ratios are used
(5 mL/g and 25 mL/g), four well-spaced points will be obtained for each log-

T log Freundlich plot.

The projected contaminant breakthrough capacities found for each resin
and cocontaminant level will be calculated and compared. Based on the results
of the batch tests, one (or perhaps two) resin(s) will be selected for
breakthrough capacity column tests and load/elute tests.

4.6.3 Breakthrough Capacity Column Tests

Using test solution number 1 from Table 3, breakthrough capacity tests
will be conducted for the resin(s) of interest. Solution 1 is chosen because
it presents the highest loading for the columns. Columns having approximate
1-cm diameter and 5-cm length of resin will be prepared in the chloride form.
The quantity of wet resin introduced to the column will be determined by
weighing and the diameter and length of the resin bed measured.
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Table 4. Solution Numbers to be Used in Freundlich Plots.

n

^5

Cont mi nt
Contaminant concentration (ppb) Solutionnaa

Chromate Uranium Nitrate numberse

Chromate -- 800 200,000 1 & 5

800 2,000 2 & 6

40 200,000 3 & 7

40 2,000 4 & 8

Uranium 2,000 -- 200,000 1 & 3

2,000 -- 2,000 2 & 4

50 -- 200,000 5 & 7

50 -- 2,000 6 & 8

Nitrate 2,000 800 -- 1 & 2

2,000 40 -- 3 & 4

50 800 -- 5 & 6

50 40 -- 7 & 8

eSolution number and concentrations from Table 3. Note that
two different solutions are referenced and, therefore, the con-
centration of the contaminant whose value is different for the two
solutions is not listed here.

- Using a metering pump, test solution number 1 will be introduced to the
.,, resin column upflow (i.e., from the bottom up) at the rate of about 60 mL/h.

This loading rate corresponds to about 16 bed volumes (column volumes) per
p hour at the resin column dimensions described and is typical in ion exchange

application. Effluent samples will be collected periodically, as described
below, and the solutions analyzed for chromate, total chromium, uranium, and
nitrate. The breakthrough of the contaminants will be monitored via the
analytical results.

The breakthrough tests will be run until the volume passed through the
column is 120% of the breakthrough capacity of the contaminant having the
highest predicted breakthrough capacity. A breakthrough of 120% will render
the effluent concentration equal to the influent concentration. Breakthrough
is achieved when the column is exhausted and the influent solution migrates
through the column without loss of contaminant. A value of 120% ensures that
breakthrough has been achieved. From 15 to 20 column effluent samples will be
collected for analysis at points approximately evenly spaced in the
breakthrough test column loading.
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The volume of solution corresponding to 120% breakthrough for each of
the three contaminants is predicted via the Freundlich isotherm results from
the batch contact tests described in Section 4.6.2. The breakthrough capacity
for each contaminant at the test solution 1 composition is predicted by the
Freundlich isotherm plots of the following batch test results:

Contaminant Solution Numbers

Chromate
Uranium
Nitrate

At equal contaminant concentrations, the affinity of the four contami-
nant species for the resin is expected to increase in the order (uranium
exists in the carbonate form in Hanford Site groundwaters):

-- N03 < CrO4z < UOZ(CO3)2z < UO2(CO3)34 (5)

_ However, in test solution 1, the concentration of nitrate dominates the
concentrations of the chromate and uranium species and thus will compete
strongly for exchange sites on the resin despite its lower affinity for ion
exchange sites. Solution 1 therefore is the solution presenting the most
difficult test for the ion exchange system. Sulfate ion present naturally in
the water also may compete.

Breakthrough tests will also be performed with contaminated groundwater
[treated by a biodenitrification process under development at Pacific
Northwest Laboratory (PNL)].

4.6.4 Load/Elute Cycling Tests

To test the resilience of the selected resin for in-process use,
repeated (at least 10 cycles of) loading and eluting of the resin will be
performed. Solution number 1, described in Table 3, will be the solution used
in the cycling tests. Solution 1 is chosen because it presents the highest
loading for the columns. A 1-cm-diameter by 5-cm-long column similar to the
column described in Section 4.6.3 will be prepared and the solution loaded
upflow.

The column will be loaded at about 16 column volumes per hour until the
volume necessary for the first contaminant to reach 50% breakthrough is
achieved. The volume at 50% breakthrough will be derived from the data
gathered in breakthrough tests described in Section 4.6.3. The column will
then be eluted, downflow, using 4M sodium chloride solution. The efficiency
of the eluant will be tested during.the first elution by collecting eluate
samples and analyzing the samples for chromate, total chromium, uranium and
nitrate. The projected eluant volume is 1.5 to 2.5 column volumes (Rohm and
Haas 1990).
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Following elution, the column.will be washed (downflow) with water and
prepared for the next load cycle. About 10 column volumes should be
sufficient (Rohm and Haas 1990). Qualitative checking for the presence of
chloride ion in the wash may be performed using silver nitrate solution.

For each load cycle, effluent solution samples will be gathered at about
four or five points in the cycle. The samples will be analyzed for chromate,
total chromium, uranium, and nitrate. The load, elute, and wash cycle will be
repeated at least nine more times and the efficiency of the column for removal
of the three contaminants evaluated. At the last cycle, elution samples will
again be gathered and analyzed to retest the efficiency of the sodium chloride
eluant.

For the resins in question (Dow Chemical Company and Rohm and Haas
Company), according to manufacturer claims, the resins are stable between
35 °F and 170 'F. The uranium remediation test (Hanson using Dow resin)
indicates that the resin has no noticeable change in operation between 35 °F
and 115 °F. Further, the Rohm and Haas Company claims that at the treatment
levels there should be no significant degradation of the resin. Also, Dow
Chemical Company reports that in uranium recovery mining operations, a resin

^ life of 8 to 10 years is expected. Dow Chemical Company did indicate that
with parts-per-billion levels of chromium, resin life may be shortened by 1 to

- 2 years due to oxidative dedgration of chromium. The physical properties of
the resin are effected (bead swell, pressure drop) rather than the chemical
properties.

The report will describe reagent amounts used, as well as
^.^ eluant/regenerant volumes required. This will provide the information

required for a cost analysis of the system. This information will be gathered
in the breakthrough tests for anion exchange and the batch and kinetic tests
for precipitation.rv^
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APPENDIX A

SCHEDULE OF ACTIVITIES

.^.

N

.^.

:.^

n..

v.

0^

A-I



WHC-SD-EN-TC-003, Rev. 1

^y

M

SV1

....^

V '

A-2



WHC-SD-EN-TC-003, Rev. 1

Westinghouse Internal
Hanford Company Memo
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APPENDIX B

TREATMENT OF URANIUM-BEARING GROUNDWATERS WITH PHOSPHATE
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Iem.u, FROM: ^r.,... n.....nnu.. +. .ae..a.. r.

I C. H. Oelegard
Waste Management Program Office Pu Process Development Unit
,2750E/200 E 234-:/200 'd

3-3723

Treatment of Uranium-Bearing Ground Waters with Phosphate

Discovery of high uranium concentrations (up to 0.7. g U/L or ti60,000
pCi/L) in the unconfined aquifer underlying the 216-U-1/-2 cribs in the
Hanford 200 West Area in early 1985 has led to remedial action to remove
the uranium from the grounawater. The remedial act'on that has been
taken is to pump the uranium-bearing groundwater from a well near the

_ center of the plume and pass the water through a bed of anion exchange
resin. The uranium, present as the triscar5onato uranyl anion, is sorbed
on the resin while the decontaminated groundwater is disposed to the
ground. The uranium is eluted from the resin bed by 2'4 ammonium nitrate
and is disposed to underground high-level waste s;:rage tanks.

-- Since the object of the above remedial action is to decontaminate the
groundwater without concurrent uranium recovery, cc`er possibly less-costly

Nd methods may be considered. One method which may mer't consideration is
carrier precipitation of the uranium using the mineral brushite CaHP0 ., 4

Some experiments conducted early in the U-1/-2 investigations centered on
°'I various precipitation techniques to remove uranium from the groundwater.

Of the several methods tested, which included pH ac.'ustment using.VaOHand
r'' KOH and addition of cnemical reductants, addition of VaH7P04 to the around-

Nater was found to give the greatest decontaminaticn. Suffic.ent I M
VaH,^POa was added to the arounawater to make the resulting solution
0.07 M in NaH,?04. Reaction of the NaH51P04 with the calcium ion present at

° ^.0.01N in the groundwater resulted in 2he precipitaticn of the mineral
brushice, CaHPO4. In precipitating, the brishite _arried down uranium
and reduced the uranium solution concentration 10CC-fold to ti10-4 a/L
"0 pCi/L), well below Tab1e I: limits.

(
If the uranium concentration can be reduced to less than Table II limits for
solution pumoed from the U-1/-2 plume by coorecio'tation with brushite,
rimole ground disposal of the phosphate-treated susoension may be feasible.
The uranium trapped in the brushite would be filtered by the Hanford
sediments and would be retained in a solid phase well above the water table.
The decontaminated solution could drain to the water table. The disoosition
of uranium in the sediment would be comparable to :he disposition of radioactive
strontium or cesium as currently practiced in Hanford low-level waste disoosal
to the ground.

B-3
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To demonstrate the feasibility of this approach, laboratory and field
experiments need to be conducted. The aims of the experiments would be:

1. Demonstrate in the laboratory that brushite precipitation will
decontaminate less-concentrated U-1/-2 solutions to beiow Table II
limits.

2. Oetennine the filterability of the brushite by Hanford sediments in
lab and field experiments.

3. Determine in lab and field tests the hydraulic permeability of the
- sediments as a function of brushite loading to determine the size of

crib necessary to dispose the treated groundwater.

Before undertaking lab and field tests, however, an engineer'ng feasibility
study must be conducted to answer the following questions:

1. Is return of the uranium to the ground, albeit in a non-mobiie form,
: acceptabie by current DOE and Wasnington State regulations; is it

acceptable politically.
,..+

2. If ground disposal is not acceptable, can filtration or other solids
removal techniques be apolied; enat happens to the uranium-bearing solids.

3. aow do the costs of phosphate treatment in its various options compare
to the currently practiced ion exchange technique.

p'ease call if you have questions or aouid like to discuss this proposat
° further.

0„ ^ ^' f
C. H. Dele^r d
Senior Chemi§t

C40iJ

cc: T. A. LaneQ*'
R. C. Routsan
J. F. Sloughter
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URANIUM SOLUBILITY AND SORPTION ONTO HANFORD SEDIMENT IN
NEUTRALIZED U03 PLANT PROCESS CONDENSATE
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D. M. Tulberc . C. H. Celecard
. Environmenta' Eng!neering . Pu Process Development
2750E/0204/ZCOE • 23d-SZJ200w

3-3723

5voi<cr.. Uranium Soluo`,litv and Sorption onto Han'ord Sediment in
Neutralized -01 Plant Process Condensate

Refs: See attachec.

.T

^

Process condensates ':PC) discharyed from the U0, Plant have been shown
by U.S. Testing to be essentially a nitrtc acid 4\HNO-) solution contain-
ing trace levels of stainless steel corrosion producs(=8, Cr, Ni). .
Also present is urani,:m (U), whose concentration has recently averaged
4000 pCi per liter :acorcx`.ma_ely 6 mg U per liter). The current
pract`ce of dtsocsa'. of this ac`d'c stream to the sediments of the 216-U-
_7 crib reauires neu-rai4_ation to meet environmental dtscharge euide-
lines regarding pH. _i _he aosence of a?H auffer, aH control of this
strong acid neutral`._c-ion uncer plant cond'tions is d.,'icult.

Phoschate has been pr_ocsed as a poten iai bu`rerina agent since neutral-
,_ation of the ion :-..PC- to yie',d HP01^ oceurs at aLout pr 7(Wei.ss,
1986). Phosphate also may limit U concentrations in :^e neutrali:ed and
discharged UPC by its reac-ion with calcium ion in the sediment to form
the mineral brushite^'CarP. , ). Brushite oreciDitation has been s,iown
(Fiuller, 198d and De'ecar., 1_985) to coorec'aitate or car-y down U'rom
dilute solutions. :.nal 7 concentrations as low as 0,: mc per 11ter ever,
in the presence of :icaroona`.e have been at_ained (Deiegard, 1985).
The presence of hign =onc=_ntrat'.ons of phosohate in 3ismut`, Phosphate
process disciarges also was 7ostuiated to " m't the micration of °our
tonnes of U in the and -2 cribs. This oostulation was based an
the dfscovery of the iinerai calcium autuni a, a calcium aranyl pnos-
phate, high in the crib sediment column (De'eaard. e`_ al.,
:986). 'he ef'ect of ;hosoha:e on the sorption of U onto Han,'or9
sed!ments, however, 7as not been studied in detail.

.4ccor:ingly, a recues- was made 'Tuiber;, 1987) to st::dy the soluoiiity

and sorrotion of uranium on:o Hanford sediment in a simulated KOH-neutral-

,zed UPC as a'uncttcn of )H and phosohate additIon. Seoarate soluoili'y

and sorption experiments were oerformed In our laboratory to eva'uate

these effects. The tests perfor.ned and the test resuits are described

and evaluated in this reocr-_.

"umm w and

The effects of ohosonate addition (0.004i? :hosoher'c acid) and oH (at

about pH 5, 7, 8.5, 9:0 and 1i) an the soiuoility of aranium In KOH-

neutraiized simulateo .:PC sotutton, and on :ie sorption of tie dissolved

C-3
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uran'.um onto the Hanford sediment, was studied. The simulated UPC was
0.1^i NC3 and 6.0 mg U (as U(V?) nitrate) per liter. As expected, KOH
tttra.`on exper!ments showed addition of phosphate helped louffer the
solu-'cn PH at about PH 7.

in _..e solubility tests, U-bearing solids precipitated uncer all condi-

t'ons excePt for a pH 5 test having no added phosphate. The urantum
phase `ound in PH 7, 8.5, 9, 10 and 11 tests having no phcsphate was
lden_`f`ed by X-ray dfffractometry to be the mineral schoeolte,
UOr;CH),'ZHrJ. Uranium solutton ^onc_ntrations in the presenca of
scnoec''a ranced from 10-0 to 10- `! ( about 160 to 16 pCi U per liter).
With :nosphate present, the PH 5, 7, 8.5, 9 and '_0 tests •!i=_lded precip-
itates ldent'•f`ed as autunite (H.,(UOZ),(POS)Z) and/or potassium au,un',.te

Uranium solution con`centrations rangeo from 10-' to
CxiO '- Laocut 15 to 0.1 pCi U per liter). At PH 11 with onosphat=_
presen_, sc.iceoite and another, un'dentlfted, phase were :e,ec.ec.
Uran`^.r. ,aiu_`on concentration In this tes; was about ?x'_G (500 pCi U
per .t_r).

he '_-]ear'nC suoernatant solutions `rom the solubility te sts were

con7ac_e° with :ianford sediment and the sorotion of U onto :Se sediment

oete -tned after one week's eQuil'bration. Final U soiut'.°n concentra-

ttons and aistribution coeffic'ents (Kd's) were evaiuated for thesa

tests. For the_'.ests witSout phosphate addit!on, 'inal U concentrations

rancet from '0-' to 3x10-':4 (1600 to 0.3 pCi U per litar; and :<a's ^aneed

from a:out 10 to 400 mL per cram. The PH of the suspens'ons herore

con-ac- had zeen adjusteo to ranee between S and 1_. 3ufrer4ng reactions

with .-e seeimen reduced the f`nal PH range to 7.7 to 3.7. For the

tests ^ ' -h :hospnate addition. `inal J concentra-ions ranced rrom 5x10-5

to 3x:. 01 aoou L to 0.1: DCi U oer literl and <d's ranced from 5 to

50CC Der ;ram. Buf°ering reactions with the sediment recuced the PH

rance 'rom 5-:1 to

?asec on these results, ohosohate addition to the UPC is -ecommended.

The a o,-'.cn of phosphate suppiies a aufferino agent to a'a P H aajustient
of the 'JP^. The phosphate also reduces solubiiity-control'ed U concen-
trat,cn in -ie :<CH-neutralized UPC 'n the PH ranee of 5 to 10 as compared
to tre 'J?C w!thout phosphate. Sorption and/or Drec'pitation -eactions
with .7. e sediment 'urther serve to reauce U solution concen,rat:ons. -he

U so^_t'on concentrations are lower over 3 broaaer pH rance in the
presence of phosphate than 'aithout phosohate.

35pP''aonr^• ^^ace•'et^ ^nd uo+hode

Simu'a_ad was preparea using reagent ;raae HNO, and 5?0 g J per liter

urany" aitra.e stock. Reagent-^_rade phosphoric ac;d (H.?^.,) was adaed as

reauir=°. Two stock solutions were preparea. doth haa J.OM HNC, and

5.0 -g J per ltter. The phosphate-bear'.na stock solution also contained

1 U E F ^[ ! _
1.

i

[ `

^• _9 tL'^.
L .._^

C-4



WHC-SD-EN-TC-003, Rev. 1

.r^

M

C^

3

O%

611%

0. W. Tulberg Rockwell
Page 3 International
June 8, 1987

0.0040M H3P04. A pH t;tration of each stock solution was run using 10M
KOH.

One-hundred mL aliquots of the stock solutions were measured and the PH
values adjusted to approximately 5, 7, 8.5. 9, :0 and 11 using 1C '•+ !cCH
solution. The pH-adjusted solutions were set astCe for 3-4 days and then
filtered through 0.003 um pore size Amicon type C F:OA polysulfone
ultrafilters. The pH's of the solutions were measur=_d and a sample of
each filtrate set as'de for U concentration ana'vsis.

Yeilow-colored solids were collected in the fiiters ,'or all solutions
exceot the pH - test having no added phosphate. Th e solids were )reoared
and examined by X-ray diffractometry.

A samole of sadiment from the 20-foot deoth of we" 2c9=d1-c-e0 was
provided by the Environmentai Engineering Unit. This well iies near the
affected 216-U-:7 c-ib and is taken from the saae deotl as the UPC
discharge pipe. The sediment sample was apporti:,ed to approximate'y :-
eram subsamples usine the cone and quarter tecir,cue. The subsamol=_s
were weiehed into 50-mL oolycarbonate Oak Ridee s.yle centri,'uge -ubes.
-hirty miliilit=_rs of pH-adJusted UPC then were ;cded to each sediment
portion. Triplicate experiments were preoared `=r each pH/phosohat_
condition. The solua on and sediment samples were snaken briefly and the
solution pH read;usted with HNO3 r KOH soiut'cn to aooroximately the
or'cinal solution pH. The solu^ion/sediment suscens'ons were caooed
t'cht'y, set on a rec:procal shaker and agitatec at >_oout : Hz, 5-inci
amolitude, at room t=_moerature.

After one week's ccntact, the ae.itation was stcc.ed and the suoernatant
solutions ultrafiltered and sampled for uranium ccncentration. The PH
values of the suspensions were determined and recorded.

Uranium concentrations were determined by laser " uorimetry by 3ersonnel
in the Resea ri Suppo r Group. X-ray diffraction anaiyses were pe rarmed

by R. L. Wilson of tne Analytical Chemistry Grou:. Both groucs are Pa r_
of the Analyt'cai Laboratorr Oeoar--ment of Safety and Cuality Assurance.

Pe<ul`s and p+<cussien

Titration results of the simulated 'JPC solutions with KCH soiut'on are
presented in fieure l. As expected, the UPC solu-icn without added
phosphate showed typical strong acid-strong base :.tration behavior in
that transition through neutral pH T%S to 9) occurred with only minimal
change in added ttrant. The UPC havine added : r,osohat=-, on the ocher
hand, showed aPH infiection of about Pii 7, This ir,f'ection corres:cnds
to the buffering reaction of HI?Oy to HPOy`-. The reiarive t.-rant
volume width of this :cuf`ering region i s orooor-ional to the rat'o of the
concentration of added ohosohate to the total concentration of acid in
the 'JPC. Thus, the yuffering region of the phcsonate-bearinc 'JPC is

. , . , . . ,. . _ . ,'s •. , i^

^ . .. . . . ..:r..a,^ . _ . r;.
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about 0.004 ((A H3P04)/C0.01 (M HN03) =?x0.004 (M H3PO4): or e percent of
the total titrant volume.

The anaiyti.cal data and Kd values for the various solub'l'.ty and sorption
experiments are presented in the tab',e. The uranium concentra:ion data
in the .ZOH-neutralized synthetic UPC solutions are presented in `tcure 2.
The total added uranfum concentration i n ihese solutions was 5 mc per
lfter or about L0-4'74 , However, pr=_c:pttation of U-bear'ng soltids
occurred in all test solutions exceot the DH 5 test havinc no added
phosohate. The so ubiilty-limited U=oncentratlons In the tests without

- phosphate were 10-^ to 10-7!! or about : 50 to 16 pC' U per liter. 'elith
phosohate present, U concentrattons +ere soiubiiity-ilmited to the rane=
3x10-o M (at PH 11) to a minimum of 2x::-' m (at PH 7) or aoout 300 to
0.4 pCi U per liter.

X-ray d"fraction anai,vses of the sc'.cs showed scicepite (UC,(CH).7'2-...0)
" to be present in the pH 7, 8.5 and :: tests havinc no acced Dnosphate.

The ''at solubiltty curve of schoepl-e Se_ween about p'r, ? ane '_': sucgests

UO (CH)-) is the dissolved species `. this range. Cationic spec'es such

.,,., as2U0-.'S preva`i at lower pH. No ev^cence of anien'.c szec'•es. as would

be sicwn by increased soiubiit`_y at - cner pH, was found. These data
are in eeneral acreement with solub:' _y and spec'atton _ata 'or U as
revlewed by Krjpka, et al. (1983) anc Ai'ard (1-982). The soiubilitv-
1lmited 'J concentrations, however, are as much as 1000 t'•nes 'ower than _,
concentraticns found in similar experi.^en's reported by <rupka, at al.

r.n (1^y85:.

- 51'nc=_ the present exper'ments were concucte^_ star-ing with acidic U

solut'ons and 1_@L4 '<CH, little car7ona-= was expected to _e present in the

test soiutions. ?n the presence of s:"icient carbonate, however.

schceo'.e Is not exoected to form due to carbonate ccmoi=_xat`on of the

urantum.

pi?fraction anal,vses of t he solids `:- ec in the tests w'ti ahosohate

present showed autunite (H2(U0-7)Z(PC.;-) and/or potass'um aut:mit.

(K2(UC-7)2(PO1)2) in the PH 5, 7, 8.5, and 10 tests while scnoepit=_ and

anot:ie n unidentlfied, phase formed ' n the PH 11 test. Potasstum uranate

phases cave similar, but matchir.c, X-ray di'fraction : atterns

comoared to t he unass'aned diffracticn Deaks from the PH 11 -est.
Solubility data for autuni`,:s are scarce •: n the tecinica'. literature.
The reviews by Kruoka, at al. (1983) we '_angmuir ( 1978) show 1'tt'.e

tnfo naticn available on autunite sc'eoiiity at near-neutral :H (most

data are 'or pH ^•1-a). The present : ata indicate that the autunite(s)

controlled dissolved U concentrations at or below the scaeeoite soiu-
biiftv at pH's from at least 5 to 10. Abqve pH 7, comoiex'ng of the U by

c01- ^.._H, - to 'on soec^es such as U02( "r°r.; _ Dresumabiy was resoonsibi^

For tncreas'ne 'J concentrations. At :h __, when the aut.nite solid pnase

gave way t o scnoeoite. =ur-ther comolex'ng resulted in dissoived U

concentrattons hicher than those founc in the tests wit.hou- ahosphate.

> y 1^ ^ '^

Ri`^fM1

[-6 C . ^ ..
; _. .

a.`0^•'



WHC-SD-EN-TC-003, Rev. 1

f"?

.-..^

_.'

M`

(Y^

0. M. Tulberg Rockwell
Page 5 International
June 8. 1987

Sorption tests of the fi'tered U-bearing UPC solutions with Hanford

sediment were conducted. The test data are presented In the table.

Distribution coefficient ;Xd) values were calculated and are also given

In the table. The oH va'ues of the sedtment/solution mixtures were

adjusted to approximateiy the original solution pH. However, after the

one week contact, the ;H's of the mixtures were buffered to intermediate

values presumably by sec'ae.^.t-solutlon reactions. The PH changes which

occurred (presented in the taole) ranged from an increase of about 3 pH

units (from pH •^5 to 8) to a decrease of about 2 oH units (from pH ^11 to

9) for the tests without ;hosphate. The phosphate helped control the

mixtures' pH''s closer to ..1e original pH values. Thus, the pH increased

only about 2 pH units (`rom ;H ^5 to 7) at the low pH end and decreased

about 2 pH units at the -ich pH end for the tests with phosphate.

While the U Kd's were eva'uated in these testsp perhaps more neaningful

are the finai U concenCra-'cns from the sorption exDeriments. The final

uranium concentration data are shown in figure '. The Kd values for the

tests without phosphate are lowest where the initial uran`um concen-

_rations are highest. A t iicier pH, where init'ai uranium concentrations

are low, Kd's are hiah. he net effect, as shown in ficure 3. Is that

?inai U concentratione in solution for tests without phosphate are

extremely oH deoendent. _n contrast, the final uranium solution concen-

trat'ons for the tests w'_1 :hosphate are uniform and lower over the wide

pH ranee studied. The -easen for the low U concentrations for the

pnosphate tests is not c'ear. However, the coprec'pitaticn of uranium

•.vith CaHP01 (brushite) `-ed from reaction of Pnosphate with caicium ion

present in the sediment saems to be the most likely e_x?lanation of the

mechanism of uranium re^oval :rom the solution.

C. H. DeiegarC
Staff Chemist

CH0/pJm

cc: L. L. Adams R. C. Rourson
M. R. Adams M. J. Schiieoe

G. S. Barney M. R. Schwao %
0. L. F'yckt ?. C. Shir ey
V. W. Hall • R. L. Weiss

D. C. Hedena_ren Letteroook

A. G. Law Process Aids

K. L. Mudge

^f i^i^ k`tF - t ^^^ c c^-_ •%

4 F
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Dissolved Uranlum Concenh-alions in K011-fleutralizeJ 0.111 I0103 With and Uilhout 0.004f9 113P04
After One Week Conlact with Ilanfurd Sedimenl as a Function of pll

[U] in Solutions with Sedirnent
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